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ABSTRACT
The f a t e  o f  s p e r m a t o z o a  a f t e r  m a t i n g  h ad  n o t  been  
p r e v i o u s l y  i n v e s t i g a t e d  i n  t e t r a n y c h i d  m i t e s .  H i s t o l o g i c a l  
e v i d e n c e  i n d i c a t e d  t h a t  t h e  s p c r m a t h e c a  c o n n e c t s  w i t h  t h e  
o u t s i d e  o n l y .  A u t o r a d i o g r a p h y  was em ployed  i n  an a t t e m p t  
t o  t r a c e  t h e  p a s s a g e  o f  s p e r m a t o z o a  f rom  t h e  s p c r m a t h e c a  
t o  t h e  e g g .  L a b e le d  s p e r m a t o z o a  w ere  o b t a i n e d  by  r e a r i n g  
m a le s  on  b e a n  s e e d l i n g s  g ro w in g  i n  t h y m i d i n e  s o l u t i o n .  
Heavy l a b e l i n g  was f o u n d  i n  t h o s e  m i t e s  f e e d i n g  on t h e  
r a d i o a c t i v e  l e a v e s ,  and  r a d i o a c t i v i t y  was fo u n d  t o  be  
p a s s e d  on t r a n s o v a r i l y .  By m a t i n g  r a d i o a c t i v e  m a le s  t o  
u n t r e a t e d  f e m a l e s  an d  p r e p a r i n g  a u t o r a d i o g r a p h s  o f  t h e s e  
f e m a l e s  a t  v a r y i n g  i n t e r v a l s  a f t e r  m a t i n g ,  t h e  s e m i n a l  
m a t e r i a l  was t r a c e d .
L a b e l e d  s e m i n a l  m a t e r i a l  was l o c a t e d  i n  t h e  
s p c r m a t h e c a  o f  r e c e n t l y  m a ted  f e m a l e s .  F em ales  m a ted  t o  
r a d i o a c t i v e  m a le s  showed a g e n e r a l  body l a b e l i n g  
s e v e r a l  h o u r s  a f t e r  c o p u l a t i o n .  Eggs i n  t h e s e  m a ted  
f e m a l e s  showed p a t t e r n s  o f  l a b e l i n g  n o t  fo un d  i n  H - fe d  
o r  u n t r e a t e d  f e m a l e s .  I t  i s  h y p o t h e s i z e d  t h a t  t h e  
s p e r m a t o z o a  l e a v e  t h e  s p c r m a t h e c a  and  t r a v e l  t h r o u g h  t h e  
haemolymph t o  t h e  o v a r y  w he re  eg g s  a r e  f e r t i l i z e d  
p r e c o c i o u s l y .
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INTRODUCTION
T e r r e s t r i a l  a n i m a l s  m u s t  h a v e  a  method o f  
i n t e r n a l  f e r t i l i z a t i o n  i f  t h e y  a r e  t o  r e p r o d u c e  s e x u a l l y .  
Most  a q u a t i c  o r g a n i s m s  s i m p ly  s h e d  t h e i r  gam etes  i n t o  
t h e  w a t e r  w here  eg g s  a r e  f e r t i l i z e d ,  and where  d e v e l o p ­
m ent  t a k e s  p l a c e .  B e cause  t h e  g am etes  o f  t e r r e s t r i a l  
a n i m a l s  a r e  i n  e f f e c t  a q u a t i c  o r g a n i s m s  t h e y  m ust  be  
p r o v i d e d  w i t h  t h e  a p p r o p r i a t e  e n v i r o n m e n t  i n  w h ich  t o  
f u n c t i o n .
T e r r e s t r i a l  a r t h r o p o d s  ha ve  e v o lv e d  s y s te m s  by 
w hich  t h e  m ale  c a n  t r a n s f e r  s p e r m a t o z o a .  Two main t r e n d s  
h ave  r e s u l t e d .  One i n v o l v e s  t h e  t r a n s f e r  o f  a 
s p e r m a t o p h o r e , w h ich  i s  common i n  a q u a t i c  a r t h r o p o d s  and 
many i n s e c t s .  The o t h e r  h a s  r e s u l t e d  i n  t h e  e l i m i n a t i o n  
o f  t h e  s p e r in to p h o r e  and t h e  d e v e l o p m e n t  o f  a  more o r  l e s s  
e l o n g a t e d  m a le  c o p u l a t o r y  o r g a n  w hich  t r a n s p o r t s  semen 
d i r e c t l y  t o  a f e m a le  sperm  s t o r a g e  o r g a n .
A c c o r d i n g  t o  B aker  and  W h ar to n ,  (195 2) 
f e r t i l i z a t i o n  o c c u r s  i n t e r n a l l y  i n  t h e  A c a r i n a ,  h u t  t h e  
m ethods  by w hich  t h e  s p e r m a t o z o a  a r e  i n t r o d u c e d  i n t o  
t h e  f e m a l e s  r e p r o d u c t i v e  s y s t e m  v a r y  c o n s i d e r a b l y ,  A 
c o p u l a t o r y  o r g a n  i s  l a c k i n g  i n  t h e  M e s o s t ig m a ta  and  
s p e r m a t o p h o r e s  a r e  i n t r o d u c e d  i n t o  t h e  f e m a le  by c h e l i c e r a e ,  
I n  o t h e r  A c a r i n a  s p e r m a t o z o a  may b e  i n t r o d u c e d  by  a p e n i s .
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S p i d e r  m i t e s  ( A c a r i n a :  T e t r a n y c h i d a e )  employ th e
s e c o n d  m ethod  o f  i n t e r n a l  f e r t i l i z a t i o n .  The m ale  m i t e  
h a s  a c o p u l a t o r y  o r g a n  c a l l e d  an a e d e a g u s ,  w hich  e n a b l e s  
t h e  m ale  t o  p l a c e  sperm i n t o  t h e  s p c r m a t h e c a  o f  t h e  
f e m a l e .
T h i s  s t u d y  i s  c o n c e r n e d  w i t h  how t h e  sperm t r a v e l s  
t o  t h e  s i t e  o f  f e r t i l i z a t i o n  a f t e r  d e p o s i t i o n  i n  t h e  
s p c r m a t h e c a ,  an d  where  t h i s  s i t e  i s  l o c a t e d  i n  t h e  f e m a l e .  
I n  m a t i n g ,  s p e r m a t o z o a  a r e  i n t r o d u c e d  i n t o  a r e c e p t a c l e  
whose o n l y  a p p a r e n t  o p e n in g  i s  t o  t h e  o u t s i d e .  The p a t h  
t a k e n  by  s p e r m a t o z o a  f rom  t h e  r e c e p t a c l e  t o  t h e  o o c y t e s  
h a s  n o t  b e e n  s t u d i e d ,
REVIEW OF LITERATURE
T e t r a n y c h i d s  a r e  a r r h c n o t o k o u s ;  t h a t  i s ,  v i r g i n  
f e m a le s  p r o d u c e  eggs  a l l  o f  w h ich  become m a l e s ,  w h i l e  
m ated  f e m a l e s  l a y  eggs  w hich  d e v e l o p  i n t o  e i t h e r  f e m a le s  
o r  m a l e s .  The m a le s  f rom  eg g s  l a i d  by m a ted  f e m a le s  a r e  
h a p l o i d  and  a l l  t h e i r  g e n es  o r i g i n a t e  o n l y  from t h e i r  
m o th e r  ( H e l l e  and  Von Zon, 1 9 6 6 ) ,  Thus a l l  m a le s  a r e  
u n i p a r e n t a l ,  A few s p e c i e s  o f  t e t r a n y c h i d s  a r e  s t r i c t l y  
p a r t h e n o g e n e t i c  and r e p r o d u c e  w i t h o u t  m a le s  ( t h c l y t o k y )  
(B o u d re a u x ,  1 9 6 3 ) ,
The i n v e s t i g a t i o n s  made i n t o  t h e  i n t e r n a l  anatomy 
o f  s p i d e r  m i t e s  h ave  s h e d  l i t t l e  l i g h t  on t h e  p r o c e s s  o f
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f e r t i l i z a t i o n .  Many o f  t h e  r e p o r t s  on t h e  s t r u c t u r e  o f  
t h e  f e m a le  g e n i t a l  s y s t e m  a r e  vagu e  i f  n o t  i n c o r r e c t .
C l a p a r e d e  (1868)  gave  a b r i e f  d e s c r i p t i o n  o f  t h e  
d e v e lo p m e n t  o f  T e t r a n y c h u s  t e l a r i u s  ( D u g e s ) . T h i s  e a r l y  
work c o n t a i n e d  no i n v e s t i g a t i o n  i n t o  t h e  i n t e r n a l  ana tom y.
M ic h ae l  (1896) d e s c r i b e d  t h e  i n t e r n a l  ana tom y o f  
B d c l l a  b a s t e r i  ( J o h n s t o n ) ,  an i n s e c t  p r e d a t o r  w h ic h  l i v e s  
a l o n g  t h e  s e a  c o a s t .  A c c o r d i n g  t o  M i c h a e l ,  t h e  
r e c c p t a c u l u m  s e m i n i s ,  o r  s p c r m a t h e c a ,  i s  an  a z y g o u s  
s a c  fo rm ed  by  an i n v a g i n a t i o n  o f  t h e  w a l l  o f  t h e  o v i d u c t  
n o t  f a r  f rom  t h e  e x t e r n a l  l a b i a ,  b u t  s t i l l  n o t  i n  t h e  
f l e x i b l e  membranous p o r t i o n  o f  t h e  d u c t  w hich  a d j o i n s  
t h e  l a b i a .  M ich ae l  f o u n d  t h a t  " t h e  r e c c p t a c u l u m  s e m in i s  
i s  b u t  s l i g h t l y  s e e n  i n  im m ature  f e m a le s  and  so m e t im es  
n o t  a t  a l l  i n  v e r y  o l d  o n e s  a f t e r  t h e  eggs  a r e  i m p r e g n a t e d . "  
He f u r t h e r  s t a t e d  t h a t  t h e  r e c c p t a c u l u m  s e m i n i s  i n  B, 
b a s t e r i  i s  n o t  h a r d  o r  c h i t i n i z c d ,  b u t  s o f t  and  f l e x i b l e ,  
w i t h  i t s  w a l l s  composed o f  c o lu m n a r  c e l l s ,  and  i t s  
e x t e r i o r  i n  most  p a r t s  c o v e r e d  b y  a l a y e r  o f  f i n e  
c o n s t r i c t o r  m u s c l e s .
S i g  Thor (1904)  c a r r i e d  o u t  some c o m p a r a t i v e  
anatomy among A c a r i n a ,  b u t  d i d  n o t  i n c l u d e  T e t r a n y c h u s .
I n  a l l  t h e  forms he i n v e s t i g a t e d  he  found t h e  r e c c p t a c u l u m  
s e m i n i s  t o  be a s t r u c t u r e  form ed  from th e  o v i d u c t .
S c h r a d e r  (1923)  d e s c r i b e d  o o g e n e s i s  a n d  
s p e r m a t o g e n e s i s  i n  T e t r a n y c h u s  b i m a c u l a t u s  Ham /ey ,  b u t
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d i d  n o t  d e s c r i b e  t h e  r e p r o d u c t i v e  o r g a n s  n o r  s u g g e s t  t h e  
p o s s i b l e  s i t e  o f  f e r t i l i z a t i o n ,
B l a u v e l t  (1945)  c o m p l e t e d  t h e  m os t  c o m p r e h e n s iv e  
s t u d y  y e t  d o n e  on  t h e  i n t e r n a l  m o rp h o lo g y  o f  s p i d e r  
m i t e s .  He i n v e s t i g a t e d  t h e  a n a to m y  o f  one o f  t h e  b e s t  
known s p e c i e s ,  T e t r a n y c h u s  t e l a r i u s  (T .  u r t i c a e  K o c h ) .  
B l a u v e l t * s  w o r k  i s  l a r g e l y  b a s e d  on  t h e  s t u d y  o f  m a t e r i a l  
s e c t i o n e d  a t  2 t o  5 m ic r o n s  and  s t a i n e d  w i t h  i r o n  
h a e m a t o x y l i n .  B l a u v e l t  gave  a  d e t a i l e d  d e s c r i p t i o n  o f  
t h e  f e m a l e  r e p r o d u c t i v e  s y s t e m  i n  T ,  t e l a r i u s . He made 
no  m e n t i o n  o f  f e r t i l i z a t i o n .  B l a u v e l t  s t a t e d  t h a t  t h e  
s e m i n a l  r e c e p t a c l e  i s  a  s m a l l ,  e r e c t ,  o v o id  s a c  s i t u a t e d  
p o s t e r i o r  t o  t h e  v a g i n a  and  o p e n i n g  i n t o  i t  t h r o u g h  a 
s h o r t  c u r v e d  d u c t .  The e p i t h e l i u m  i s  a  s i n g l e  l a y e r  o f  
c e l l s  a r r a n g e d  r a d i a l l y  a r o u n d  a  c e n t r a l  lumen.
B eam ent  (1951)  r e p o r t e d  on t h e  s t r u c t u r e  a n d  
f o r m a t i o n  o f  t h e  e g g  o f  t h e  f r u i t  t r e e  r e d  s p i d e r  m i t e  
Met a t e t r a n y c h u s  u l m i  Koch, a nd  s p e c u l a t e d  on t h e  s u b j e c t  
o f  f e r t i l i z a t i o n .  He s t a t e d  t h a t  t h e  egg  i s  e x t r e m e l y  
r e s i s t a n t  t o  p e n e t r a t i o n  and  t o  a t t a c k  by c h e m i c a l s  o r  
s o l v e n t s ,  a n d  t h e  s h e l l  h a s  no  m i c r o p y l e  o r  o t h e r  fo rm  o f  
e n t r a n c e  f o r  s p e r m .  B e ca u se  o f  t h e s e  c h a r a c t e r i s t i c s  
o f  t h e  e g g  B eam ent  b e l i e v e d  t h e  e gg  m u s t  be  f e r t i l i z e d  
b e f o r e  t h e  s h e l l  l a y e r  i s  p r o d u c e d .  The s h e l l  l a y e r  i s  
fo rm e d  i n  t h e  o v a r y ,  t o w a r d s  t h e  e nd  o f  y o l k  a c c u m u l a t i o n ,  
w h ic h  means t h e  e g g  must  be  f e r t i l i z e d  b e f o r e  t h e  ovum
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i s  c o m p l e t e l y  m a t u r e .  Beam ent  b e l i e v e d  t h a t  f e r t i l i z a ­
t i o n  i n  t e t r a n y c h i d  m i t e s  i s  a  s i m i l a r  phenomenon t o  
f e r t i l i z a t i o n  i n  t i c k s  (L e e s  and  B eam ent ,  1948)  w he re  t h e  
e g g s  a r e  f e r t i l i z e d  p r e c o c i o u s l y  b e f o r e  t h e y  a r e  ev en  a 
q u a r t e r  o f  t h e i r  f i n a l  d i a m e t e r ,  a p p a r e n t l y  b y  s p e r m a to z o a  
w h ic h  h a v e  m i g r a t e d  up t h e  o v i d u c t s *  Beament f e l t  t h e  
e a r l y  s t a g e  o f  c o p u l a t i o n  ( i m m e d i a t e l y  on e m e rg e n c e  o f  
t h e  f e m a l e  f rom  t h e  l a s t  nym phal  m o u l t )  s u p p o r t e d  t h i s  
a r g u m e n t .  The s p e r m a t o z o a  o f  s p i d e r  m i t e s  p o s s e s s  no 
f l a g e l l a .  The a c t u a l  m e th o d  o f  l o c o m o t io n  o f  spe rm  i s  
unknown.
S n i e d e r - B o r k e n b o s c h  (1955)  found  some s l i g h t  
d i f f e r e n c e s  i n  t h e  r e p r o d u c t i v e  sy s te m  o f  M, u l m i  compared 
w i t h  B eam ent*s  and  B l a u v e l t ’ s  w o r k s ,  b u t  n e i t h e r  t h e  
s p e r m a t h e c a  n o r  f e r t i l i z a t i o n  was d i s c u s s e d *
A s h to n  (1961)  r e p o r t e d  f i n d i n g  a w e l l - d e v e l o p e d  
s e m i n a l  r e c e p t a c l e  i n  t h e  brown w h e a t  m i t e  P e t r o b i a  
l a t e n s  M u l l e r ,  Males  a r e  n o t  known i n  t h i s  s p e c i e s *  
T h e r e f o r e  t h i s  o r g a n  m u s t  b e  v e s t i g i a l  o r  may h a v e  a 
f u n c t i o n  o t h e r  t h a n  f o r  s p e rm  s t o r a g e .  A s h to n  s u g g e s t e d  
t h a t  i t  may be  t h a t  s e x u a l  r e p r o d u c t i o n  o c c u r s  o c c a s i o n a l l y .
E h a r a  (1960)  r e p o r t e d  on a c o m p a r a t i v e  s t u d y  o f  
t h e  i n t e r n a l  anatomy o f  t h r e e  T ro m b id i fo rm  A c a r i n i d s  
f o u n d  i n  J a p a n .  He d i d  n o t  s p e c u l a t e  on t h e  t i m e  o r  p l a c e  
o f  f e r t i l i z a t i o n ,  b u t  d i d  d e s c r i b e  t h e  s p e r m a t h e c a  i n  
two s p e c i e s .  I n  Neomolgus l i t t o r a l i s  ( L ) , a  m i t e  commonly 
fo u n d  u n d e r  s e a - w e e d s  and  on r o c k s  a lo n g  t h e  c o a s t  o f
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n o r t h e r n  J a p a n ,  t h e  s p e r m a t h e c a  i s  a s m a l l  b l i n d  s a c  
a r i s i n g  f rom  t h e  t e r m i n a l  p o r t i o n  o f  t h e  o v i d u c t .  The 
c e l l s  f o r m i n g  t h e  e p i t h e l i u m  o f  t h e  s p e r m a t h e c a  a r e  
c o lu m n a r  w i t h  s m a l l  n u c l e i .  In  B r y o b ia  c h a r a i  P r i c h a r d  
and K c i f e r ,  a s p e c i e s  f e e d i n g  on ch rysan th em um  i n  J a p a n ,  
t h e  s p c r m a t h e c a  i s  a v e r y  s m a l l ,  c l a v a t e ,  b l i n d  o rgan  
e n t e r i n g  t h e  p o s t e r i o r  p a r t  o f  t h e  v a g i n a  v i a  a s h o r t  
c u r v e d  d u c t .  The e p i t h e l i u m  o f  t h e  s p e r m a t h e c a  c o n s i s t s  
o f  a s i n g l e  l a y e r  o f  c o lu m n a r  c e l l s  s u r r o u n d i n g  t h e  lumen.
A n w a r ru la h  (1P63)  d e s c r i b e d  t h e  f e m a l e  r e p r o d u c t i v e  
s y s te m  i n  M. u l m i , T .  v i c n n c n s i s  Z a c h c r ,  B r y o b i a  
r u b r i o c u i u s  S c h e u tc n  and  B. k i s s o p h i l a  v a n  Byndhoven.
He fo u n d  t h a t  th e  s p e r m a t h e c a  o f  M. u lm i  and T.  v i e n n e n s i s  
c o r r e s p o n d e d  t o  t h a t  r e p o r t e d  i n  t h e  w o rk s  o f  Beament 
and B l a u v e l t *  b u t  t h e  two B r y o b ia  s p e c i e s  w e re  d i f f e r e n t .  
A n w a r r u l a h  s t a t e d  t h a t  no r e c c p t a c u l u m  s e m i n i s  was found 
i n  t h e  B r y o b i a .
He s u g g e s t e d  t h a t  b e c a u s e  no m a l e s  a r e  known i n  
e i t h e r  o f  t h e s e  s p e c i e s  t h e  g e n i t a l  a p p a r a t u s  i s  s i m p l e r  
t h a n  i n  t h e  b i s e x u a l  f o r m s .
P o s s e  and L a n g e n s c h e i d t  (1964)  r e p o r t e d  a p a s s a g e  
c o n n e c t i n g  t h e  r e c c p t a c u l u m  s e m in i s  w i t h  t l i c  v a g i n a  i n  
t h e  T e t r a n y c h u s  u r t i c a e - c i n n a b a r i n u s  c o m p le x .  T h e i r  
i l l u s t r a t i o n s  show no s u c h  c o n n e c t i o n ,  a n d  i n  f a c t  show 
t h e  r e c c p t a c u l u m  s e m i n i s  c o n n e c t i n g  w i t h  t h e  o u t s i d e .  No
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a t t e m p t  was made t o  e x p l a i n  how f e r t i l i z a t i o n  t a k e s  
p l a c e .
H e l l e  (1967)  summed up t h e  knowledge on m i t e  
f e r t i l i z a t i o n  and c a r r i e d  o u t  s e v e r a l  i n t e r e s t i n g  
m a t in g  e x p e r i m e n t s ,  H e l l e  f o u n d  t h a t  a v i r g i n  f e m a l e ,  
once i n s e m i n a t e d ,  goes on d e p o s i t i n g  o n ly  h a p l o i d  eg g s  
f o r  a c o n s i d e r a b l e  t im e  a f t e r  t h e  c o n c l u s i o n  o f  c o p u l a t i o n .  
In  r e g a r d  t o  t h e  s u c c e s s  o r  f a i l u r e  o f  a se c o n d  
f e r t i l i z a t i o n  he  c o n c lu d e d  t h a t  t h e r e  i s  no c l e a r  
r e l a t i o n s h i p  b e tw e e n  th e  t im e  i n t e r v a l  and t h e  e f f e c t  o f  
t h e  s e c o n d  m a t i n g .  In  H e l l e * s  e x p e r i m e n t  f o u r  f e m a l e s  
had s u c c e s s f u l  s e c o n d  m a t i n g s .  He s u g g e s t e d  t h a t  t h e r e  
i s  r e a s o n  t o  assum e t h a t  t h e  sp e rm  s u p p l y  o f  t h e  f i r s t  
m a t in g  i s  i m p e r a t i v e  f o r  t h e  s u c c e s s  o f  t h e  s e c o n d  o n e ,  
H e l l e  e x p l a i n e d  t h i s  by a s s u m in g  t h a t  n o r m a l ly  t h e  sperm 
s u p p ly  i s  more t h a n  s u f f i c i e n t  f o r  f e r t i l i z a t i o n  o f  a l l  
o o c y t e s  a v a i l a b l e  f o r  f e r t i l i z a t i o n .  He s p e c u l a t e d  t h a t  
i f  t h e  sp e rm  s u p p l y  o f  t h e  f i r s t  m a t i n g  i s  i n s u f f i c i e n t ,  
t h e  s e c o n d  spe rm  s u p p ly  becomes e f f e c t i v e .
B o u d re a u x  (1965)  s u g g e s t e d  t h a t  a b a r r i e r  may 
be e s t a b l i s h e d  by  c o p u l a t i o n  w h ic h  p r e v e n t s  f u r t h e r  
e f f e c t i v e  i n s e m i n a t i o n .  He a l s o  m e n t io n e d  t h e  p o s s i b i l i t y  
o f  f e r t i l i z a t i o n  o f  o o c y te s  a s  f o u n d  i n  t i c k s .
Eyndhoven ( i n  H e l l e ,  1967)  h a s  q u e s t i o n e d  t h e  
n o t i o n  t h a t  i n  t h e  T e t r a n y c h i d a e  t h e  s p e r m a th e c a  i s  
c o n n e c te d  t o  t h e  f e m a le  g e n i t a l  s y s t e m .  F o l l o w i n g  t h i s
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
l e a d ,  I  a l s o  have  e v i d e n c e  t h a t  i n  t h e  s p e c i e s  I s t u d i e d ,  
t h e  s p e r m a t h e c a  i s  c o n n e c t e d  t o  t h e  o u t s i d e  v i a  a n a r ro w  
p a s s a g e  s t a r t i n g  a s  a c o p u l a t o r y  p o r e  b e h i n d  t h e  o v i d u c a l  
o p e n i n g ,  b u t  j u s t  a h e a d  o f  t h e  a n u s .  I f  t h e  s p c r m a t h e c a  
i s  p r o v i d e d  w i t h  semen th ro u g l i  a s e p a r a t e  c o p u l a t o r y  p o r e ,  
t h e  q u e s t i o n  a r i s e s  c o n c e r n i n g  t h e  p a t h  t a k e n  by s p e rm a to z o a  
to  p e n e t r a t e  and f e r t i l i z e  t h e  e g g s .  As b e s t  a s  can  be 
d e t e r m i n e d ,  t h e r e  i s  no s p e c i a l  d u c t  c o n n e c t i n g  t h e  
s p e r m a t h e c a  w i t h  any  p a r t  o f  t h e  f e m a l e  g e n i t a l  s y s t e m .
The p r e s e n t  s t u d y  was u n d e r t a k e n  i n  o r d e r  t o  t r y  
t o  d i s c o v e r  t h e  f a t e  o f  s p e r m a t o z o a ,  i n t r o d u c e d  by 
c o p u l a t i o n  i n t o  f e m a l e s  o f  T e t r a n y c h u s  s p p .  and i n  
p a r t i c u l a r ,  t h e  m ethod  o f  p a s s a g e  f rom t h e  s p c r m a t h e c a ,  
i n t o  w h ic h  t h e y  a r e  i n t r o d u c e d ,  t o  t h e  egg c e l l  t o  be 
f e r t i l i z e d .
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MATERIALS AND METHODS
T h i s  i n v e s t i g a t i o n  was b a s e d  on a t t e m p t s  t o  
i n c o r p o r a t e  ^ H - th y m id in e  i n  t h e  chromosomes o f  t h e  
s p e r m a t o z o a  o f  m a l e s ,  so t h a t  when t h e s e  m arked  m a l e s  
w ere  m ated  t o  v i r g i n  u n t r e a t e d  f e m a l e s ,  i t  w ould  be  
p o s s i b l e  t o  l o c a t e  by  a u t o r a d i o g r a p h y  t h e  l a b e l e d  
s p e r m a t o z o a  i n  h i s t o l o g i c a l  s e c t i o n s  o f  t h e s e  f e m a l e s .
The t h y m i d i n e ,  a s  f a r  as  i s  known, i s  i n c o r p o r a t e d  o n l y  
i n  DNA, and  any l a b e l  f o u n d  i n  t h e  e x p e r i m e n t a l  f e m a l e s  
may be  p re su m ed  t o  o r i g i n a t e  f rom  i n t r o d u c e d  l a b e l e d  
s p e r m a t o z o a .  H i s t o l o g i c a l  s e c t i o n s  must  b e  u s e d  b e c a u s e  
m i t e s  a r e  so  s m a l l  ( l e n g t h  500 m i c r o n s )  t h a t  d i s s e c t i o n  
i s  i m p o s s i b l e .
A g ro up  o f  v i r g i n  f e m a le  m i t e s  was r e a r e d  f rom
%t h e  egg  on a b e a n  l e a f  g ro w in g  i n  a  s o l u t i o n  o f  "H- 
t h y m i d i n e .  T h e r e  i s  r e a s o n  t o  b e l i e v e ,  f rom  s t u d i e s  i n  
o t h e r  a r t h r o p o d s ,  t h a t  t h e  egg c o n t a i n s  a s  much a s  10 ,000  
( o r  m ore)  t im e s  t h e  DNA c o n t a i n e d  i n  s o m a t i c  c e l l s .  Durand 
(1960)  i n  r e p o r t i n g  on s t u d i e s  o f  t h e  eggs  o f  g r y l l i d s ,  
O r t h o p t e r a ,  s t a t e d  he  b e l i e v e s  t h e r e  t o  be  a c y t o p l a s m i c  
s t o r a g e  o f  DNA o r  s i m i l a r  m a t e r i a l  i n  t h e s e  i n s e c t  e g g s .  
Durand showed t h a t  an u n f e r t i l i z e d  egg c o n t a i n e d  7 ,4 0 0  
t i m e s  t h e  amount  o f  DNA found  i n  a  norm al  d i p l o i d  c e l l  
when c a l c u l a t e d  on t h e  b a s i s  o f  bound  d e o x y r i b o s e  and
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100 ,000  t i n e s  t h a t  when c a l c u l a t e d  on t h e  b a s i s  o f  bound  
p h o s p h o r u s ,
V i c k e r s  (1964)  r e p o r t e d  a s i m i l a r  c o n d i t i o n  i n  
t h e  c o t t o n  b o l l  w e e v i l  Anthonomus R r a n d i s . He fo u n d  
t h a t  t h e  n u c l e i c  a c i d s  r e a c h e d  t h e i r  h i g h e s t  l e v e l s  
d u r i n g  e a r l y  l a r v a l  d e v e lo p m e n t  and  d e c r e a s e d  g r a d u a l l y  
u n t i l  t h e  p r c p u p a l  s t a g e .
I t  i s  b e l i e v e d  t h a t  t h e  DNA i n  eggs  i s  u s e d  
d u r i n g  r a p i d  e m b r y o - g c n c s i s  i n  t h e  f o r m a t i o n  o f  new c e l l s ,  
and t h a t  t h e  germ c e l l s  w i l l  c o n t a i n  some o f  t h i s  DNA, 
T h e r e f o r e ,  t h e  h a p l o i d  eggs  o f  f e m a l e s  r e a r e d  on a l a b e l e d  
d i e t  w i l l  c o n t a i n  l a b e l e d  DNA w h i c h  w i l l  be i n c o r p o r a t e d  
in  t h e  chromosomes o f  t h e  m a le  m i t e  h a t c h i n g  from t h a t  
egg .  A f t e r  r e a r i n g  such  l a b e l e d  m a l e s  on t h y m i d i n e  
t r e a t e d  l e a v e s ,  t h e y  w ere  t h e n  m a te d  t o  u n l a b e l e d  v i r g i n  
f e m a l e s .  The f e m a l e s  w ere  f i x e d  a t  v a r i o u s  i n t e r v a l s  
a f t e r  m a t i n g  and s e c t i o n e d .  T h e s e  s e c t i o n s  w e re  p l a c e d  
on a m i c r o s c o p e  s l i d e  and c o v e r e d  w i t h  a u t o r a d i o g r a p h i c  
e m u ls io n  an d  a l l o w e d  t o  be e x p o s e d  t o  t h e  t r i t i u m  r a d i a t i o n  
f o r  a t  l e a s t  two w e ek s .  Upon d e v e l o p m e n t  t h e  a u t o ­
r a d i o g r a p h s  w ore  s t u d i e d  f o r  l a b e l e d  semen in  s i t u .
S p e c i e s  o f  M i t e s  Used
A l a b o r a t o r y  c u l t u r e  o f  T e t r a n y c h u s  n e o c a l d o n i c u s  
Andre ,  c o l l e c t e d  March 6 , 1 9 6 5 ,  on b a n a n a  i n  F l o r i d a ,  was 
u se d  f o r  t h e  e x p e r i m e n t s  w i t h  ' H ~ th y m id in e .  T h i s  i s  a
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v e r y  h a r d y  c u l t u r e  o f  m i t e s  and th e  deu tonym phs  a r e  
e a s i l y  r e c o g n i z e d ,  s i m p l i f y i n g  s e l e c t i o n  o f  v i r g i n  
f e m a l e s .
O t h e r  m i t e s  t h a t  were  i n v e s t i g a t e d  
h i s t o l o g i c a l l y  were  T .  y u s t i  McG,, T.  u r t i c a e  Koch,
T. g l o v c r i  Banks and P a n o n y c h u s c i t r i  McG.
R e a r i n g  Methods
L a b o r a t o r y  c u l t u r e s  were  r e a r e d  on d e t a c h e d  bean  
l e a v e s  p l a c e d  on w e t  c e l l u c o t t o n  c u t  t o  f i t  3 . 5  in c h  
P e t r i  d i s h e s .  A 35 mesh p l a s t i c  s c r e e n  c o v e r  was 
c o n s t r u c t e d  f o r  each  d i s h  t o  p e r m i t  v e n t i l a t i o n  and g iv e  
p r o t e c t i o n .  M i tes  w e re  c o n f i n e d  t o  t h e  l e a v e s  w i t h  
T a n g l e - f o o t @ w h i c h  was d i s p e n s e d  from a s y r i n g e  a lo n g  
t h e  m a r g i n  o f  t h e  l o a f .  C u l t u r e s  wore h e l d  a t  l a b o r a t o r y  
t e m p e r a t u r e .  I l l u m i n a t i o n  was s u p p l i e d  by  t h r e e  4 0 - w a t t  
f l u o r e s c e n t  t u b e s  m oun ted  20 incJies above  t h e  c u l t u r e s  
and a u t o m a t i c a l l y  s e t  f o r  14 h o u rs  d a i l y  i l l u m i n a t i o n .
3
The p l a n t s  i n  w h ic h  t h e  H - th y m id in e  was 
i n c o r p o r a t e d  were s e e d l i n g s  o f  Henderson  b u s h  l i m a  b ean s  
grown i n  t h e  l a b o r a t o r y .  The r o o t  a r e a  was removed and 
t h e  s te m  washed t h o r o u g h l y  b e f o r e  im m e rs io n  i n  t h e  
^ H - th y m id in e  s o l u t i o n  ( F i g u r e  1 ) .
The c o n t a i n e r  f o r  t h e  ^ H - th y m id in e  s o l u t i o n  was 
a 15 ml v i a l  i n s e r t e d  i n  a s u i t a b l e  h o l e  i n  a number 11 
r u b b e r  s t o p p e r  u s e d  a s  a  b a s e ,  and w i t h  a  number 3
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s t o p p e r  i n  t h e  t o p ,  A h o l e  i n  t h e  t o p  s t o p p e r  a l lo w e d  th e  
s tem  t o  b e  immersed i n  t h e  t r i t i a t e d  s o l u t i o n .  L a n o l in  
j e l l y  was u s e d  t o  s e a l  t h e  s p a c e  be tw een  t h e  s tem  and t h e  
s t o p p e r  t o  p r e v e n t  e v a p o r a t i o n .  Only one p r i m a r y  l e a f  was
3
l e f t  on t h e  p l a n t  u s e d  f o r  H - th y m id in e  u p - t a k e .  These 
p l a n t s  w e re  h o l d  i n  g row th  chambers  w i t h  14 h o u r s  o f  l i g h t  
d a i l y  a n d  a t e m p e r a t u r e  o f  80° F. f o r  l i g h t  p e r i o d s  and 
70° F .  f o r  d a r k n e s s .
O b s e r v a t i o n  o f  t h e  m i t e s  on t h e s e  l e a v e s  v/as 
a c c o m p l i s h e d  by  u s i n g  a s p e c i a l  h o r i z o n t a l  d i s s e c t i n g  
m i c r o s c o p e .
H i s t o l o g i c a l  Methods
A f t e r  t r y i n g  s e v e r a l  p o p u l a r  f i x a t i v e s ,  C a r n o y ' s  
f o r m u l a  2 was fo u n d  t o  f i x  t e t r a n y c h i d  t i s s u e  s a t i s f a c t o r i l y ,  
The h i s t o l o g i c a l  p r o c e s s  f i n a l l y  u sed  was one  f u r n i s h e d  by 
H e l l e  ( p e r s o n a l  c o m m u n i c a t i o n ) .  M i te s  w e re  f i x e d  f o r  3 
h o u r s  i n  C a r n o y ' s  and t h e n  d e h y d r a t e d  i n  a b s o l u t e  a l c o h o l  
f o r  2 p e r i o d s  o f  30 m i n u t e s  e a c h .  S p e c im en s  w ere  th e n  
p l a c e d  i n  t o l u e n e  f o r  2 p e r i o d s  o f  30 m i n u t e s  e a c h .  M i te s  
w ere  t h e n  p l a c e d  i n  T i s s u c m a t ( R ) a t  5 6 - 5 7 °  C. f o r  1 - 1 /2  
h o u r s .
S e v e r a l  i n n o v a t i o n s  w e re  d e v e l o p e d  t o  f a c i l i t a t e  
h a n d l i n g  t h e  m i t e s  w h i l e  p r e p a r i n g  them f o r  s e c t i o n i n g .
S m a l l  b a s k e t s  p e r m i t  l a r g e  numbers  o f  m i t e s  t o  be  h a n d le d  
s i m u l t a n e o u s l y .  B a s k e t s  w e re  c o n s t r u c t e d  by  c u t t i n g  o f f
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t h e  b o t to m  h a l f  o f  a  10 ml v i a l  and  f i t t i n g  t h e  open 
b o t to m  w i t h  n y l o n  m esh .  I t  was f o u n d  t h a t  by  u s i n g  sm a l l  
P e t r i  d i s h e s  f o r  t h e  c h e m i c a l s  s e v e r a l  g r o u p s  o f  m i t e s  
c o u l d  be p r e p a r e d  t o g e t h e r  ( F i g u r e  2 ) .
I n  o r d e r  t o  i n c r e a s e  t h e  p o s s i b i l i t y  o f  o b t a i n i n g  
good s e c t i o n s  s e v e r a l  m i t e s  were  a r r a n g e d  and  c u t  a t  
o n c e .  To r e t a i n  h e a t  i n  t h e  p a r a f f i n  w h i l e  t h e  m i t e s  
w ere  b e i n g  a r r a n g e d  i n  t h e  d e s i r e d  p o s i t i o n s ,  s p e c i a l  
m olds  w e re  d e v e l o p e d .  T h ese  m olds  were 3 / 4  i n c h  b r a s s  
r o d s  w i t h  t a p e  f o r m in g  t h e  s i d e s .  P r e h e a t i n g  t h e  b r a s s  
r o d s  b e f o r e  t h e  p a r a f f i n  and  m i t e s  a r e  i n t r o d u c e d  
c o n s i d e r a b l y  i n c r e a s e s  t h e  p e r i o d  t h e  p a r a f f i n  r e m a in s  
a l i q u i d  ( F i g u r e  3 ) ,
B lo c k s  w e r e  c u t  a t  3 t o  5 m ic r a  w i t h  an  Am erican  
O p t i c a l  m ic r o to m e .  B o th  s t a i n l e s s  s t e e l  r a z o r  b l a d e s  
and s t a n d a r d  m ic ro to m e  b l a d e s  w ere  u s e d .  S e r i a l  s e c t i o n s  
w ere  mounted  on c l e a n e d ,  a l b u m i n i z e d  g l a s s  s l i d e s  and 
a l l o w e d  t o  a i r  d r y ,  When s t a i n s  were  u s e d  H a r r i s *  
h e m o t o x y l i n  and e o s i n  w e re  em p lo y ed .  S l i d e s  w e re  c o v e re d  
w i t h  P e rm oun t  and  Al c o v e r s l i p s .
A u t o r a d i o g r a p h i c  T e c h n iq u e
The ^ H - t h y m i d i n e  u s e d  i n  t h i s  work was a 5 ,0 0  
m i l l i c u r i c  sam p le  p u r c h a s e d  f rom  New E ng land  N u c l e a r  
C o r p o r a t i o n .  T h i s  s a m p le  had  a s p e c i f i c  a c t i v i t y  o f  15 ,9  
c u r i e s / m i l l i m o l e , ,  and  a c o n c e n t r a t i o n  o f  , 0 7 6  m i l l i g r a m s  
i n  5 , 0  m i l l i l i t e r s  o f  s t e r i l e  w a t e r  as a s s a y e d  by t h e
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s u p p l i e r .  T h i s  m a t e r i a l  was d i l u t e d  t o  1 m i l l i c u r i e  i n  
10 ml o f  s t e r i l e  w a t e r  f o r  s t o r a g e  an d  u s e .
M a t e r i a l  o f  w h ic h  a u t o r a d i o g r a p h s  w e re  t o  b e  
made was p r e p a r e d  a c c o r d i n g  t o  t h e  h i s t o l o g i c a l  m ethods  
p r e v i o u s l y  d i s c u s s e d .  A f t e r  s e r i a l  s e c t i o n s  w e re  a l l o w e d  
t o  a i r  d r y  t h e y  w ere  p l a c e d  i n  x y l e n e  f o r  5 m i n u t e s .
N ex t  t h e  s l i d e s  w ere  p l a c e d  i n  t h e  f o l l o w i n g  s o l u t i o n s  
f o r  5 m i n u t e s  e a c h ;  SOS x y l e n e  and  50% a b s o l u t e  a l c o h o l  
and  d i s t i l l e d  w a t e r .  The f o l l o w i n g  p r o c e d u r e  i s  a 
m o d i f i c a t i o n  o f  J c f t c s  ( 1 9 5 9 ) .
A f t e r  s l i d e s  w e re  r e a d y  f o r  e m u l s i o n  a p p l i c a t i o n  
t h e  f o l l o w i n g  s t e p s  m us t  b e  c a r r i e d  o u t  i n  d a r k n e s s  u s i n g  
o n l y  a  W r a t t e n  s e r i e s  t h r e e  s a f e  l i g h t .  The e m u l s i o n  u s e d  
was Kodak NTB-2 and i t  was s t o r e d  i n  a l e a d  box  u n d e r  
r e f r i g e r a t i o n .  The e m u l s i o n s  c o n t a i n e r  i s  t a k e n  f rom  
t h e  r e f r i g e r a t o r  and p l a c e d  i n  a  w a t e r  b a t h  t o  b r i n g  
t h e  t e m p e r a t u r e  up t o  40® o r  50® C. H i g h e r  t e m p e r a t u r e s  
w ere  a v o i d e d .  The c o n t a i n e r  was o p e n e d  and g e n t l y  
s t i r r e d  w i t h  a  g l a s s  r o d .  S h a k i n g  o r  v i g o r o u s  s t i r r i n g  
r e s u l t e d  i n  b u b b l e s .  The e m u l s i o n  was t h e n  p o u r e d  i n t o  
a  s p e c i a l  d i p p i n g  t u b e  w h ic h  was d e s i g n e d  t o  a l l o w  
d i p p i n g  i n  t h e  l e a s t  amount  o f  e m u l s i o n  p o s s i b l e .  T h i s  
t u b e  was a  3 / 4  i n c h  p l a s t i c  t u b e  c u t  4 i n c h e s  l o n g .  By 
p l a c i n g  t h i s  s e c t i o n  o f  t u b i n g  i n  b o i l i n g  w a t e r  i t  was 
e a s i l y  f l a t t e n e d  and  one  e n d  s e a l e d  ( F i g u r e  4 ) .
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Each s l i d e  was g r a s p e d  a t  t h e  l a b e l  and d ip p e d  
i n t o  t h e  e m u l s io n  s o  t h a t  t h e  n i t e  s e c t i o n s  w ere  
imm ersed  w e l l  b e lo w  t h e  s u r f a c e o  The s l i d e  was i m m e d ia t e l y  
w i th d r a w n  and a l l o w e d  t o  d r a i n  v e r t i c a l l y  f o r  s e v e r a l  
m i n u t e s .  The s l i d e s  w e re  p l a c e d  i n  a s l i d e  s t o r a g e  
box  w h ich  was w ra p ped  w i t h  aluminum f o i l  and  s t o r e d  i n  an 
e x p o s u r e  b o x ,  w h ic h  was a c o n v e r t e d  m i c r o s c o p e  c a s e .
A f t e r  t h e  e x p o s u r e  p e r i o d ,  w h ich  v a r i e d  f rom  2 weeks  t o  
3 m o n th s ,  t h e  s l i d e s  w ere  d e v e l o p e d .
D ev e lo pm en t  was done i n  s t a i n i n g  j a r s  and f o u r  
s l i d e s  w e re  p r o c e s s e d  a t  o n c e .  The f o l l o w i n g  p r o c e s s  was 
u s e d ;
S o l u t i o n Time
1 . Kodak D-19 5 m i n u t e s
2 „ S to p  h a t h 15 s e c o n d s
3 . D i s t i l l e d  w a t e r 50 s e c o n d s
4. A c id  f i x e r 10 m i n u t e s
S„ D i s t i l l e d  w a t e r 5 m i n u t e s
6 . A b s o l u t e  a l c o h o l 5 m i n u t e s
7 . A b s o l u t e  a l c o h o l 5 m i n u t e s
8 . A b s o l u t e  a l c o h o l 5 m i n u t e s
9c Xylene 5 m i n u t e s
10c Xylene 5 m i n u t e s
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L i g h t s  were  u s e d  a f t e r  t h e  s l i d e s  had  b e e n  in  
t h e  f i x a t i v e  f o r  2 m in u te s*  The t e m p e r a t u r e s  o f  a l l  
s o l u t i o n s  w ere  b e tw e e n  18° C, and  20° C, A c o v e r  s l i p  
was a p p l i e d  t o  e a c h  a u t o r a d i o g r a p h i c  s l i d e  w i t h  P e r m o u n t .
G r a in  C o u n t in g
Need f o r  a method o f  q u a n t i t a t i v e  i n t e r p r e t a t i o n  
o f  t h e  a u t o r a d i o g r a p h s  was r e a l i z e d  a f t e r  v i s u a l  
d i f f e r e n c e s  i n  g r a i n  number w ere  n o t i c e d  i n  t h e  
e x p e r i m e n t a l  m a t e r i a l .  C oun ts  o f  e x p o se d  s i l v e r  g r a i n s  
i n  t h e  a u t o r a d i o g r a p h s  were  made a t  550x m a g n i f i c a t i o n ,  
w i t h i n  a s e l e c t e d  c o n s t a n t  a r e a ,  u s i n g  an o c u l a r  m i c r o ­
m e t e r  a s  a c o u n t i n g  g r i d .  On e a c h  a u t o r a d i o g r a p h  10 
random c o u n t s  wore  made i n s i d e  and o u t s i d e  t h e  m i t e  
s e c t i o n s .  The o u t s i d e  c o u n t ,  b e i n g  t h e  b a c k g r o u n d ,  was 
d i v i d e d  i n t o  t h e  t i s s u e  c o u n t  and  t h e  r e s u l t i n g  f i g u r e  
u s e d  a s  an  e x p r e s s i o n  o f  t h e  t i s s u e  a c t i v i t y .  Only  
t i s s u e  c o u n t s  t w i c e  t h e  b a c k g r o u n d  w ere  c o n s i d e r e d  a 
v a l i d  e x p r e s s i o n  o f  d i f f e r e n c e .
T h e re  w ere  i n n u m e r a b le  a r t i f a c t s  and p i t f a l l s ,  
i n h e r e n t  i n  b o t h  h i s t o l o g i c  and a u t o r a d i o g r a p h i c  t e c h n i q u e s  
t h a t  c o m p l i c a t e d  t h e  q u a n t i t a t i v e  e v a l u a t i o n  o f  a u t o ­
r a d i o g r a p h s *  To r e c o g n i z e  and c o n t r o l  t h e s e  p r o b l e m s ,  
r e p l i c a t i o n s  a s  w e l l  as  p a r a l l e l  s a m p le s  w i t h o u t  r a d i o ­
a c t i v i t y  w e re  p r o c e s s e d  f o r  c o m p a r i s o n .
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L i q u i d  S c i n t i l l a t i o n  C o u n t in g
To ch eck  t h e  amount o f  r a d i o a c t i v i t y  r e a c h i n g  m i t e s  
r e a r e d  on a l e a f ,  l i q u i d  s c i n t i l l a t i o n  c o u n t s  w e re  made 
on s e v e r a l  m i t e s  and  l e a f  d i s c s .  I n  o r d e r  t o  d i s s o l v e  t h e  
s a m p le s  i n  t h e  l i q u i d  s c i n t i l l a t o r  a m o d i f i e d  p r o c e d u r e  o f  
Mahin and L o f b e r g  (1966)  was u s e d .  The sa m p le s  w ere  
i n d i v i d u a l  m i t e s ,  and  l e a f  d i s c s  2 mm i n  d i a m e t e r .
The s a m p le s  were  p l a c e d  i n  s c i n t i l l a t i o n  v i a l s  and 
I P W l i t c r  o f  p e r c h l o r i c  (IÎCIO4 ) a c i d  and iP  j t l i t e r  o f  f r e s h  
h y d ro g e n  p e r o x i d e  w e re  a d d e d .  The capped  v i a l s  w e re  
c a r e f u l l y  h e a t e d  on a h o t  p l a t e  s e t  a t  80° C, u n t i l  t h e  
s a m p le s  w e re  c o m p l e t e l y  d i g e s t e d  (2 o r  3 m i n u t e s ) .  Tlxc 
v i a l s  were  a l l o w e d  t o  r e a c h  room t e m p e r a t u r e  and  t h e n  
p l a c e d  i n  a  r e f r i g e r a t o r  f o r  10 m i n u t e s .  A f t e r  rem o v a l  
f ro m  t h e  r e f r i g e r a t o r  3 ml o f  ( 2 - e t h o x y - e t h a n o l )  w ere  
a d d e d .  Ten ml o f  PPO-POPOP-to luene s c i n t i l l a t i o n  s o l u t i o n  
w e re  added  n e x t  t o  e ac h  v i a l .  These  sa m p le s  w e re  c o u n te d  
on a  Beckman LS-250 s p e c t r o m e t e r .
E x p e r im e n t
M ales  u s e d  i n  t h i s  sperm  t r a c k i n g  s t u d y  were  r e a r e d
?
on two d i f f e r e n t  b e a n  p l a n t s  g row ing  i n  *H - t h y m id i n e  
s o l u t i o n .  Each p l a n t  a b s o r b e d  a p p r o x i m a t e l y  1 ml o f  
l y c / m l  t h y m i d i n e  s o l u t i o n  p e r  d a y .  At l e a s t  2yc o f  t h i s  
s o l u t i o n  was t a k e n  up by e a c h  p l a n t  d u r i n g  t h e  c o u r s e  o f  
t h i s  e x p e r i m e n t .
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Only m a le s  whose p a r e n t s  had  s p e n t  t h e i r  e n t i r e  
l i v e s  on a r a d i o a c t i v e  l e a f  w e re  u s e d  f o r  m a t i n g .  M a t in g  
b e tw e e n  t h e  r a d i o a c t i v e  m a le s  and  v i r g i n  f e m a l e s  t o o k  
p l a c e  on l e a v e s  c o n t a i n i n g  no •^11-t h y m i d i n e  « B e ca u se  
m a le s  c o p u l a t e  a s  soon  a s  t h e  f e m a l e s  m o l t  f rom  t h e  
t e l i o c h r y s a l i s » a d u l t  f e m a le s  w e re  assumed t o  h a v e  mated* 
Fem ales  w ere  p l a c e d  on h o l d i n g  l e a v e s  a s  d eu to n y m p h s .
By r e g u l a r l y  o b s e r v i n g  t h e  l e a v e s  f o r  n e w ly  m o l t e d  
f e m a l e s ,  t h e  a p p r o x i m a t e  t im e  o f  m a t i n g  c o u l d  be 
d e te r m in e d *  Groups o f  f rom  A t o  10 f e m a l e s  which  w ere  
m ated  w i t h i n  30 m in u t e s  o f  e a c h  o t h e r  were  f i x e d  t o g e t h e r .  
T hese  g r o u p s  wore c u t  and m ounted  t o g e t h e r  i n  o r d e r  t o  
i n c r e a s e  t h e  p o s s i b i l i t y  o f  o b t a i n i n g  p r e f e r r e d  s e c t i o n s .  
The f e m a l e s  w ere  f i x e d  a t  i n t e r v a l s  f rom  15 m i n u t e s  t o  
9 days  a f t e r  m a t i n g .  Groups o f  m ated  m i t e s  w h ich  wore 
n o t  f i x e d  i m m e d ia t e l y  w ere  p l a c e d  on u n t r e a t e d  l e a v e s  
and h o l d  u n t i l  n e e d e d .  I n  a l l ,  40 g ro u p s  o f  m i t e s  
i n c l u d i n g  c h e c k s  w e re  c u t  and p r e p a r e d  f o r  a u t o r a d i o g r a p h y .
The f i r s t  10 g ro u p s  w e re  e x p o se d  f o r  3 months 
b e f o r e  d e v e l o p m e n t .  The b a c k g r o u n d  was v e r y  h i g h  o u t s i d e  
t h e  m i t e  t i s s u e  i n  t h e s e  a u t o r a d i o g r a p h s *  T h e r e f o r e ,  t h e  
e x p o s u r e  t im e  was c u t  f rom 3 m onths  t o  2 weeks f o r  t h e  
r e m a i n d e r  o f  t h e  g r o u p s .
S e v e r a l  o f  t h e  l a s t  a u t o r a d i o g r a p h s  d e v e l o p e d  were  
s t a i n e d  t h r o u g h  t h e  e m u l s io n  w i t h  h e m a t o x a l i n  t o  f a c i l i t a t e  
p h o t o g r a p h y .
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D e t a i l e d  m i c r o s c o p i c  e x a m i n a t i o n  o f  t h e  d e v e l o p e d  
a u t o r a d i o g r a p h s  and  s t a n d a r d  h i s t o l o g i c a l  s e c t i o n s  as  
v.’c l l  a s  r e s u l t s  o f  t h e  l i q u i d  s c i n t i l l a t i o n  c o u n t s  
r e v e a l e d  t h e  f o l l o w i n g :
1, T h e r e  a p p e a r e d  t o  b e  no c o n n e c t i o n  b e tw een  
t h e  s p c r m a t h e c a  and  t h e  v a g i n a  o r  o v i d u c t  i n  t h e  s p e c i e s  
o f  t e t r a n y c h i d  m i t e s  e x a m in e d .  In  a l l  f i v e  s p e c i e s  i n  
w h ich  t h e  s p e r m a t h e c a  was o b s e r v e d  t h e r e  was no e v id e n c e  
o f  a  c o n n e c t i o n ,
2 ,  H i s t o l o g i c a l  s e c t i o n s  r e v e a l e d  a  d i r e c t  
c o n n e c t i o n  t o  t h e  o u t s i d e  f rom  t h e  s p e r m a t h e c a  by way o f  
a  d u c t  l o c a t e d  b e tw e e n  t h e  " v a g i n a l  o p e n in g "  and t h e  
a n u s .  T h i s  d u c t  c a n  be  r e a d i l y  o b s e r v e d  i n  w hole  mounts  
o f  a d u l t  f e m a l e s .  The d u c t ,  w h ic h  en d s  i n  t h e  s p e r m a th e c a  
a p p e a r s  t o  h a v e  a c u t i c u l a r  l i n i n g .  See F i g u r e s  1 ,  6 , 7 ,  
and 8 ,
3 ,  The l i q u i d  s c i n t i l l a t i o n  c o u n t s  made on
l e a f  d i s c  show t h a t  t h e  b e a n  l e a v e s  do t a k e  up -^H-tl iymidinc. 
C ou n ts  f o r  t h e  d i s c  2 mm i n  d i a m e t e r  w e re  be tw een  75 0 ,0 0 0  
and 1 , 0 0 0 , 0 0 0  c o u n t s  p e r  m i n u t e .  A c h e c k  v i a l  c o u n te d  a t  
t h e  same t im e  h a d  111  cpm.
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4 .  L i q u i d  s c i n t i l l a t i o n  c o u n t s  an d  a u t o r a d i o ­
g r a p h s  b o t h  i n d i c a t e d  t h a t  m i t e s  f e e d i n g  on t h e  r a d i o ­
a c t i v e  l e a v e s  t a k e  up ^ H - t h y m i d i n c  and  i n c o r p o r a t e  i t  i n t o  
t h e i r  b o d i e s .  S c i n t i l l a t i o n  c o u n t s  on s i n g l e  f e m a le  m i t e s  
w h ich  f e d  on t h e  r a d i o a c t i v e  l e a v e s  w e re  f rom  2 ,5  50 t o  
3 ,1 2 4  cpm. A u t o r a d i o g r a p h s  o f  f e m a l e s  f rom  t h e  r a d i o ­
a c t i v e  l e a v e s  showed h i g h  l e v e l s ,  b u t  b e c a u s e  t h e s e  
a u t o r a d i o g r a p h s  were  among t h o s e  e x p o se d  f o r  t h r e e  m onths  
t h e  b a c k g r o u n d  was to o  h i g h  t o  make m e a n i n g f u l  c o m p a r i s o n s .  
The f e m a l e s  w h ich  had b e e n  rem oved  f ro m  t h e  t h y m i d i n e  
l e a v e s  a n d  h o l d  on u n t r e a t e d  l e a v e s  f o r  3 d a y s  d i d  show a 
much h i g h e r  s i l v e r  g r a i n  c o u n t  i n  t h e  c u t i c l e  t h a n  in
any o t h e r  p a r t  o f  t h . c i r  bo d y  ( F i g u r e  9 ) ,  A l t h o u g h  no
s c i n t i l l a t i o n  c o u n t s  w e re  made on m a l e s ,  a u t o r a d i o g r a p h s
showed 7 . 6 2  t i m e s  t h e  b a c k g r o u n d  r a d i a t i o n  i n  t h e  m a le s  
?
r e a r e d  o n  H - th y m id in e  t r e a t e d  l e a v e s  ( F i g u r e  1 0 ) .
5 .  A u t o r a d i o g r a p h s  show t h a t  ^11-t h y m i d i n e  o r  a 
m e t a b o l i t e  i s  p a s s e d  on t r a n s o v a r i l y .  Fem ale  m i t e s  r e a r e d  
on t h e  r a d i o a c t i v e  l e a f  a n d  rem oved  t o  a n  u n t r e a t e d  l e a f  
p r o d u c e d  p r o g e n y  w h ich  w e re  r a d i o a c t i v e .  I n  f e m a l e  
o f f s p r i n g  t h e  t i s s u e  c o u n t s  w e re  7 .1 9  t i m e s  t h a t  o f  t h e  
b a c k g r o u n d  c o u n t s .  The m a l e s  f ro m  t h e  same p a r e n t s  h a d  
1 4 .3 4  t i m e s  t h e  b a c k g r o u n d  c o u n t s  i n  t h e i r  t i s s u e s .
6 . A u t o r a d i o g r a p h s  o f  5 r e c e n t l y  m a te d  f e m a l e s  
showed w h a t  a p p e a r s  t o  bo l a b e l e d  m a t e r i a l  i n  t h e  
s p e r m a t h e c a .  The c o n c e n t r a t i o n s  o f  s i l v e r  g r a i n s  above
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t h e s e  s p e r m a t h c c a s  a p p e a r  t o  c o r r e s p o n d  w i t h  w ha t  i s  
t h o u g h t  t o  b e  sperm  ( F i g u r e  1 1 ) .
7, The a u t o r a d i o g r a p h s  showed a g e n e r a l  body  
l a b e l i n g  o f  f e m a l e  m i t e s  s e v e r a l  h o u r s  a f t e r  m a t i n g  
w i t h  r a d i o a c t i v e  m a l e s .  T h i s  l a b e l i n g  d i d  n o t  scorn t o  be  
c o m p l e t e l y  r andom .  The s i l v e r  g r a i n s  a p p e a r e d  t o  r e l a t e  
t o  c e r t a i n  s t r u c t u r e s  r a t h e r  t h a n  o t h e r s .  A r e a s  w h ich  
w ere  v a c u o l a t e d  o r  empty had  f e w e r  e x p o sed  g r a i n s  
above  them ( F i g u r e  1 2 ) ,  The t i s s u e  c o u n t  o f  a l l  m i t e s  
m a ted  f rom  4 h o u r s  t o  5 d a y s  was t w i c e  t h a t  o f  t h e  
b a c k g r o u n d  c o u n t .  The a v e r a g e  e x p o sed  g r a i n  c o u n t  i n  
t h e s e  m i t e s '  t i s s u e s  was 5 .2 4  t im e s  t h e  b a c k g r o u n d .
T h r e e  g r o u p s  o f  f e m a l e s  w e re  m ated  f o r  6 d a y s  and  o n ly  
one  o f  t h e s e  d i d  n o t  h a v e  t w i c e  t h e  b a c k g r o u n d .  One 
g ro u p  o f  m i t e s  w h ic h  had  b e e n  f i x e d  t h r e e  d a y s  a f t e r  
m a t i n g  showed 1 3 .4  2 t i m e s  t h e  b a c k g r o u n d .
Some o t h e r  i n t e r e s t i n g  o b s e r v a t i o n s  w e re  made from 
t h e  a u t o r a d i o g r a p h s  w h ich  may o r  may n o t  b e  s i g n i f i c a n t .
I n  two f e m a l e s ,  h a v i n g  b e e n  m ated  w i t h  r a d i o a c t i v e  
m a l e s ,  s e c t i o n s  t h r o u g h  e g g s  i n  t h e  l a s t  s t a g e s  o f  d e v e l o p ­
ment  showed c o n c e n t r a t i o n  o f  g r a i n s  above a n  a r e a  b e l i e v e d  
t o  be  t h e  n u c l e u s .  T h e r e  a l s o  a p p e a r e d  t o  b e  p a t t e r n s  o f  
g r a i n s  t h r o u g h o u t  t h e  y o l k  a r e a .
I n  one s e c t i o n  t h r o u g h  a s p e r m a t h e c a  two d a y s  a f t e r  
c o p u l a t i o n  a c o n c e n t r a t i o n  o f  s i l v e r  g r a i n s  o v e r  t h e
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s p e r m a t h e c a  seems t o  g r a d u a l l y  e x t e n d  f o r w a r d  th r o u g h  
t h e  m i t e  ( F i g u r e  1 3 ) .
A n o th e r  i n t e r e s t i n g  o b s e r v a t i o n  i s  t h e  f a c t  
t h a t  t h e  c u t i c l e  o f  t h e  r a d i o a c t i v e  o f f s p r i n g  o f  t r i t i u m  
f e d  p a r e n t s  d o e s  n o t  a p p e a r  r a d i o a c t i v e  a s  i n  t h e  
p a r e n t s .  Heavy c o n c e n t r a t i o n s  o f  s i l v e r  g r a i n s  a p p e a r e d  
o v e r  t h e  t i s s u e s  o f  t h e  o f f s p r i n g ,  h u t  n o t  o v e r  t h e  
c u t i c l e  ( F i g u r e s  14 and 1 5 ) .  S i n c e  e x c e s s  i n g e s t e d  
r a d i o a c t i v i t y  may be  e x c r e t e d  i n t o  t h e  c u t i c l e  o f  o l d e r  
m i t e s  ( s e e  F i g u r e s  9 and 1 4 ) ,  t h e r e  i s  a  p o s s i b i l i t y  
t h a t  t h e  l a b e l  t r a n s m i t t e d  i n  t h e  s e m in a l  m a t e r i a l  by 
a  r a d i o a c t i v e  male  i s  n o t  e n t i r e l y  in  t h e  n u c l e i  o f  
t h e  s p e r m a t o z o a ,  b u t  c o u ld  be  i n  a y e t  u n m o ta b o l i z c d  
s t a t e .
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DISCUSSION
The o b j e c t i v e  i n  t h i s  s t u d y  v;as t o  l o c a t e  t h e  s i t e  
o f  f e r t i l i z a t i o n  i n  f e m a le  t e t r a n y c h i d  m i te s *  From t h e  
r e s u l t s  o f  t h i s  work  t h e  s i t e  o f  f e r t i l i z a t i o n  c a n  n o t  
be  d e f i n i t e l y  e s t a b l i s h e d ,  b u t  some l i g h t  h a s  b e e n  sh e d  
on t h e  p r o c e s s  o f  f e r t i l i z a t i o n .  T h ese  r e s u l t s  show t h e  
n e e d  f o r  f u r t h e r  i n v e s t i g a t i o n  i n t o  m i t e  f e r t i l i z a t i o n .
I f  f e r t i l i z a t i o n  t a k e s  p l a c e  a s  t h e  egg t r a n s c e n d s  t h e  
o v i d u c t  a s  i n  i n s e c t s ,  a  d u c t  o r  a c o n c e n t r a t i o n  o f  sperm 
s h o u l d  be  s e e n  l e a d i n g  f rom  t h e  s p e r m a t h e c a  t o  o v i d u c t .
No su c h  d u c t  o r  c o n c e n t r a t i o n  was o v e r  s c o n .
Some p a r t  o f  t h e  s e m in a l  m a t e r i a l  p l a c e d  in  
t h e  f e m a l e s ’ s p e r m a t h e c a  d u r i n g  c o p u l a t i o n  was r a d i o a c t i v e .  
S i n c e  ^ H - th y m id in e  was t h e  i n i t i a l  l a b e l i n g  p r o d u c t ,  t h e r e  
i s  a good p o s s i b i l i t y  t h a t  n u c l e a r  DNA s h o u l d  be l a b e l e d .  
T h i s  docs  n o t  r u l e  o u t  t h e  p o s s i b i l i t y  t h a t  t h e  s e m in a l  
f l u i d  c o u l d  c o n t a i n  r a d i o a c t i v e  DNA o r  t h a t  t h e  ^ U - th y m id in c  
c o u l d  h ave  b e e n  m e t a b o l i z e d  i n t o  a n o t h e r  p r o d u c t .  S in c e  
t h e  i n t r o d u c t i o n  o f  semen was t h e  o n l y  d i f f e r e n c e  i n  
m i t e s  show ing  l a b e l i n g  and t h o s e  which  d i d  n o t ,  some o r  
a l l  t h e  semen was r a d i o a c t i v e .  From t h e  a u t o r a d i o g r a p h s  
i t  a p p e a r s  c e r t a i n  t h a t  some p a r t  o r  a l l  t h e  s e m i n a l  
m a t e r i a l  l e f t  t h e  s p e r m a t h e c a  and s p r e a d  t h r o u g h o u t  t h e
23
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b o d y .  A u t o r a d i o g r a p h y ,  a s  i t  was u s e d  i n  t h i s  s t u d y ,  
i s  n o t  p r e c i s e  enough  t o  t r a c e  i n d i v i d u a l  s p e rm .  B e ca u se  
o f  t h e  u n c e r t a i n  f a t e  o f  t h e  a nd  t h e  b a c k g r o u n d ,  no 
t r a c k s  i n  t h e  e m u l s i o n  c o u l d  p o s i t i v e l y  b e  i d e n t i f i e d  
a s  coming f r o m  s p e r m a t o z o a .
T he  g e n e r a l  body l a b e l i n g  fo u n d  i n  f e m a l e s  m a ted  
t o  r a d i o a c t i v e  m a l e s ,  and  t h e  p a t t e r n s  o f  e x p o s e d  
g r a i n s  i n  d e v e l o p i n g  e g g s  s u g g e s t  t h a t  i n  t e t r a n y c h i d s ,  
t h e  s p e r m a t o z o a  m i g r a t e  f ro m  t h e  s p e r m a t h e c a  t o  t h e  young  
ova by  way o f  t h e  haemolymph r a t h e r  t h a n  up  t h e  o v i d u c t .  
T h i s  f u r t h e r  s u g g e s t s  t h a t  s p e r m a t o z o a  (w h ich  l a c k  
f l a g e l l a )  a r e  c a p a b l e  o f  d i a p e d e s i s  t h r o u g h  b o t h  t h e  
s p e r m a t h e c a l  w a l l  a nd  t h e  o v a r i a l  w a l l .
S t r i p p i n g  f i l m  m ig h t  w e l l  h a v e  b e e n  u s e d  i n s t e a d  
o f  l i q u i d  e m u l s i o n  b e c a u s e  o f  t h e  n e e d  f o r  q u a n t i t a t i v e  
c o m p a r i s o n s ,  J o f t e s  (1 9 5 9 )  p o i n t e d  o u t  t h a t  t h e  l i q u i d  
e m u l s i o n  l a y e r  i s  n o t  u n i f o r m  i n  t h i c k n e s s ,  w h ic h  m ig h t  
c a u s e  i n a c c u r a c i e s .  T h e r e  w ere  v a r i a t i o n s  i n  t h i s  
s t u d y ,  b u t  f o r  t h e  m o s t  p a r t  t h e  r e s u l t s  w e re  c o n s i s t e n t  
a nd  w ere  v e r i f i e d  b y  n o n - r a d i o a c t i v e  c h e c k s .
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